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The study of WW Higgs boson decays is one of the key elements of the LHC physics program,
as these decays are dominant close to the WW resonance. Recent results obtained using the
full simulation of the detector are presented in the framework of the Standard Model. Direct
production, associated WH production and boson fusion processes are considered.
1 Introduction
Since a few years, various Higgs boson decay channels have been studied in the view of the
forthcoming LHC startup. The Standard-Model branching ratio of the Higgs boson are presented
in Figure 1a. Close to the WW resonance, all decay modes but the WW decay are suppressed.
In order to ensure more than a unique observation mode, several production processes must
be considered. The Standard-Model cross-section for each Higgs boson production mechanism
is shown in Figure 1b, as a function of the Higgs boson mass. The dominant contribution to
Higgs boson production at LHC comes from gluon-fusion processes, from the weak vector boson
fusion mechanism, and from Higgsstrahlung processes, where the Higgs boson is produced in
association with a W or Z boson. All three production mechanisms have been studied by the
ATLAS and CMS collaborations. In this paper, recent results from the CMS collaboration,
obtained using full simulation of the detector, are presented together with results from the
ATLAS collaboration, obtained using fast simulation.
2 WW decays of the Higgs boson
2.1 Direct production
The Higgs boson decay into two W bosons and subsequently into two leptons and two neutrinos
(H → WW → ℓνℓν) is expected to be the main discovery channel for the intermediate Higgs-
boson mass range, between 2mW and 2mZ. The signature of this decay is characterized by two
leptons and high missing energy. A study of the discovery potential for this channel, based on
a full detector simulation, has been performed by the CMS collaboration 3. In order to get a
good NLO estimate for the Higgs-boson production through gluon fusion, the PYTHIA 4 Pt
spectrum was reweighted to the MC@NLO 5 prediction, defining Pt-dependent k-factors. The
total cross-section was then scaled to the NLO cross-sections 6. The events generated were
passed through a GEANT simulation of CMS. Pile-up corresponding to the LHC low luminosity
phase was also generated. The events were then reconstructed using the standard CMS software.
Starting with two oppositely-charged leptons, additional selection cuts were applied in order to
reduce the background. A jet veto is applied, and the spin correlation between the two leptons
is accounted for by cuts on the angle between the leptons in the transverse plane, and on their
invariant mass. There must also be missing transverse momentum. The cuts were optimized to
discover a Higgs boson with a mass between 160 and 170 GeV/c2.
Figure 2 shows the luminosity needed for a 5σ discovery for different Higgs boson masses.
The signal significance is defined as the probability that the observed background, NB, fluctuates
above the sum of the signal and background, NS +NB, following a Poisson distribution with
mean µ = NB. A signal with more than 5σ statistical significance could already be observed
with a luminosity of 5 fb−1 for a Higgs-boson mass between 150 and 180 GeV/c2.
2.2 Associated production
Motivations for studying the WH associated production, with a subsequent decay of the Higgs
boson into a W pair are twofold. First, as already mentioned, this channel is one of the few
possibilities close to the WW resonance. Second, the corresponding Feynman diagram contains
the gHWW coupling constant twice, that could therefore be precisely measured. Since three W
bosons are produced in this process, the final state is characterized by six fermions in addition
to soft remnants from the protons. The three-lepton channel provides a clean signature and has
an interesting signal over background ratio 7.
All Standard-Model processes likely to produce three leptons have been considered. This
includes events where three leptons are actually produced but also events with a “fake” lepton,
a missed lepton, or with the semi-leptonic decay of a B meson. The production of WWW, WZ,
ZZ, tt¯, and Wt have been considered. Most of the processes used are simulated with PYTHIA,
except for WWW, which is generated with CompHep 8, and Wt generated with TopRex 9.
In order to select the expected topology, three and only three leptons are required in the event
and the total charge of these three leptons is required to be either +1 or -1. The association of
reconstructed leptons either to the Higgs boson decay or to the decay of the W boson that does
not come from the Higgs boson is achieved by choosing the two closest opposite-sign leptons.
The third lepton is then supposed to come from the associated W boson. Most of the background
contains a fake lepton or a lepton from the semi-leptonic decay of a B meson, identified in a
jet. These are rejected with an isolation criteria. Jet veto and kinematical cuts, like a Z veto,
complement the signal selection.
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Figure 1: (a) Next-to-leading order (NLO) calculations for the Standard-Model Higgs boson branching
ratios from HDECAY1; (b) NLO cross-section calculations for the Standard-Model Higgs boson at LHC2.
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Figure 2: Luminosity needed for a 5σ discovery for
different Higgs boson masses in the direct produc-
tion study by CMS.
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Figure 3: Luminosity needed to obtain a 5σ signif-
icance for the associated production channel, with
systematics only, with the uncertainty arising from
the limited Monte-Carlo statistics only, or with
both effects considered.
Figure 3 shows the luminosity needed to obtain a 5σ significance using this method, with
systematics only, with Monte-Carlo statistical uncertainties (for signal and background), or with
both effects considered.
2.3 Boson-fusion processes
When the Higgs boson is produced via boson fusion processes, two jets are expected in the
forward and backward regions, with a large rapidity gap with respect to the central event. By
exploiting this feature, an additional background reduction with respect to the direct production
can be achieved. Such studies are being carried on by both collaborations. The ATLAS discovery
reach in the region of interest presented in Figure 4 shows the appealing potential of such studies.
Using fast simulation of the detector, the work by the ATLAS collaboration 10 shows that that
channel can even be the one with the best significance after 30fb−1. The next steps are to
determine the background level from the data, as it is done for other channels, and to estimate
the non-trivial systematic uncertainties.
3 Conclusions
Close to the WW resonance, all decay modes of the Higgs boson but the WW decay are sup-
pressed. In order to ensure more than a unique observation mode, several production processes
have been considered by both the CMS and ATLAS collaborations. This are the gluon fusion,
weak vector bosons fusion (VBF) and associated WH production (Higgsstrahlung). The gluon-
fusion mechanism is, with the current state-of-the-art analyses, the main discovery channel. It
provides a 5σ significance for as low as 1fb−1 for a 170 GeV/c2 Higgs boson. The Higgsstrahlung
mechanism allows to confirm that result, and open one of the only avenues towards the mea-
surement of the coupling of the Higgs boson to W bosons. It is also crucial in “fermiophobic
models”. Finally, the VBF mechanism shows a very interesting potential, since forward jet tag-
ging and rapidity gap can be used to reduce the background. It can even be the main channel,
if systematics are under control.
Figure 4: ATLAS sensitivities for the discovery of the Standard Model Higgs boson for an integrated
luminosity of 30 fb−1. A systematic uncertainty of 10% is included for the background in the Weak
Boson Fusion channels.
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